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SECTI ON 02456N

PRESTRESSED CONCRETE PI LES
09/ 99
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NOTE: This gui de specification covers the
requi renents for prestressed concrete piling.

NOTE: Suggestions for inprovenment of this
specification will be wel coned using the Navy
"Change Request Fornms" subdirectory located in
SPECSI NTACT in Jobs or Masters under

"For ms/ Docunent s" directory or DD Form 1426.
Suggesti ons shoul d be forwarded to:

SECTI ON 02456N Page 3



Commander

Naval Facilities Engi neeri ng Comand

Engi neering Innovation and Criteria Ofice, Code ElICO
1510 G | bert Street

Nor f ol k, VA 23511-2699

Emai | : Lant Di v@f dl ant. navfac. navy. mi |
Use of el ectronic comunication is encouraged.
Brackets are used in the text to indicate designer

choi ces or locations where text nmust be supplied by

t he desi gner.
EE IR R I Sk S S I S I S S R R R Rk I I S Sk S I I R R Ik S I R Sk I O
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NOTE: The followi ng information shall be shown on
t he project draw ngs:

1. Location, size and cut-off elevation of project
pil es.

2. Location, size, cut-off elevation, and
identification of test piles.

3. Subsurface soil data and boring | ogs where
necessary.

4. Pile design |oad(s).

EE R R R I R R R I I O R R R Ok S R R I R I R I O R I O

PART 1  GENERAL

1.1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

AMERI CAN CONCRETE | NSTI TUTE (ACl)

ACl 211.1 (1991) Sel ecting Proportions for Nornal
Heavywei ght, and Mass Concrete

ACl 318M (1992) Building Code Requirenents for
Rei nforced Concrete (Metric)

ACl 318 (1995) Building Code Requirenents for
Structural Concrete

AMERI CAN SCCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

ASTM A 82 (1995; Rev. A) Steel Wre, Plain, for
Concrete Rei nforcenment

ASTM A 416/ A 416M (1996) Steel Strand, Uncoated Seven-Wre
for Prestressed Concrete
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1.

[

ASTM A

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

(1991) Uncoated Stress-Relieved Steel Wre
for Prestressed Concrete

(1997) Portland Cenent

(1992) Chenical Adnixtures for Concrete

595M (1997) Bl ended Hydraulic Cenents (Metric)

(1994; Rev. A) Blended Hydraulic Cenents

(1997) Coal Fly Ash and Raw or Cal ci ned
Nat ural Pozzolan for Use as a M neral
Adm xture in Concrete

ASTM C (1995) G ound Granul ated Bl ast - Furnace
Slag for Use in Concrete and Mortars
ASTM D 1143 (1981; R 1994) Piles Under Static Axial
Conpr essi ve Load
PRESTRESSED CONCRETE | NSTI TUTE (PCl)
PClI STD 112 (1984) Standard Prestressed Concrete Piles
PCI M\L-116 (1985) Quality Control for Plants and

Pr oducti on of Precast Prestressed Concrete
Pr oduct s

2 SUBM TTALS

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

NOTE: \Where a "G' in subnittal tags follows a
submittal item it indicates CGovernnent approval for
that item Add "G' in submittal tags follow ng any
added or existing subnmittal itens deened
sufficiently critical, conplex, or aesthetically
significant to nmerit approval by the Governnent.
Submittal itenms not designated with a "G will be
approved by the QC organi zati on.

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

Subnmit the following in accordance with Section 01330, "Subnittal
Procedures.”

SD- 03 Product Data

Driving equi pnent, including driving hel nets, cushion bl ocks and
pile collars; G

Spuddi ng and jetting equi prment; G

SD- 05 Design Data

Contractor mx design; G

SD-06 Test Reports

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O
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NOTE: Del ete these paragraphs for projects for
which |l oad testing is not specified. |In paragraph
entitled "Load Tests," insert the nunber of test
piles to be load tested. Insert nunmber of |oad
tests in "Instructions to Bidders."

EE R R R S R I R R I R S R R R R O S R R I R R R R O R R R

Load Tests; G
Test data and results as specified in Part 3.]
SD-07 Certificates
Driving hamer; G
Aggregat e
Admi xt ur es
Prestressi ng steel
Cenment
Fl'y ash
Pozzol an
Ground Sl ag
Quality control procedures
SD-11 d oseout Submittals
[ Test piles and] Job piles records; G
As specified in Part 3.
1.3 PI LES
Provi de prestressed pretensioned concrete piles designed in accordance with
PCl STD-112. Production of piles shall be in accordance with PCI M\L-116.
Piles shall be in one piece; splices will be permtted only when

specifically authorized by the Contracting Oficer.

1.4 LENGTHS AND NUMBERS OF PI LES

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

NOTE: Insert val ues corresponding to total nunber
of piles, total linear footage of piles, and tip to
cut-off length of piles. Al so delete reference to

| oad tests when project does not contain |oad tests.
Insert nunber of load tests in "Instructions to

Bi dders." Wen conputing total |inear footage of
piles, use sane tip to cut-off length for test piles

as that used for job piles.
EE SRR I Sk S I I S I S I O R R R Rk I S Sk S I I R R Ik S S I S R Sk I S O

Base bids on providing [ ] piles, including test piles, totalling
[ ] net linear neters feet (i.e., neasurenent includes cunulative
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1

| engths of piles between tips and cut-off elevation only) and based on the
estimated pile lengths of [__ ] meters feet (tip to cutoff) for both
standard job piles and test piles. Except when definite fixed | engths of
piles are indicated, the Contracting Oficer will determ ne the m ni mum
depth of tip penetration and driving resistance required for job piles from
the soil borings, fromthe characteristics of the driving equi pnent used,
and fromthe results of test pile driving [and | oading]. Fromthese

requi renents, the Contractor shall prepare a schedul e of the number of
pil es of each length to be used and their |ocation. Submt schedule for
approval before any piles, except test piles, are ordered. The Governnent
reserves the right to take up to 3 working days to review test pile driving
records and to take up to 3 additional working days to revi ew and approve
the Contractor prepared schedule of pile Iengths and locations. The excess
pile length ordered over the tip to cut-off length listed in the schedul e
as finally approved shall be the responsibility of the Contractor.

.5 PAYMENT

The requirements of Contract C ause entitled "Variation in Estimated
Quantity" shall not apply to paynment for piling. Each pile and test pile
acceptably provided will be paid for at the bid unit price per linear foot,
which price shall include all itens incidental to furnishing and driving
the piles including jetting or pilot piles, redriving uplifted piles, and
cutting off all piles at the cut-off elevation. Paynent will be nade at
the bid unit price for the length of pile, fromtip to final cut-off,
actual ly provided, excluding build-ups and splices directed by the
Contracting Officer to be made. Were the tip to cut-off length is |ess
than that calculated fromthe results of test pile driving [and | oad
testing], paynent for that portion of pile not driven will be made at 75
percent of the bid unit price and no other paynent will be nade for nmaking
the cut-off. Payment for build-ups will be made at 125 percent of the bid
unit price. Paynment for splices, as specified, will be nade at 25 tines
the unit price per foot bid for 10-inch piling, 22 tines the unit price per
foot bid for 12-inch piling, and 18 tines the unit price per foot bid for
all other piling. Should the actual cunulative pile length driven (tip to
cutoff) vary nore than 25 percent fromthe total pile Iength specified as a
basis for bidding, at the direction of the Contracting Oficer, the unit
price per linear foot will be adjusted in accordance with the provisions of
Contract Cause entitled "Differing Site Conditions." Piles required to be
pulled at no fault of the Contractor will be paid for at the bid unit price
for furnishing and driving pile in its original position plus 25 percent of
this anount to cover the cost of pulling. Such pulled piles when redriven
will be paid for at 25 percent of the bid unit price for the Iength driven.
[ Payment for each acceptably provided complete test |oading of a single
pile will be made at the contract unit price per test, which price shal

i nclude furnishing, placing, and renoving testing equi pnrent, and pl acing
and renoving test loads. At the direction of the Contracting Oficer, |oad
tests may be waived at a credit to the Governnent of the unit price bid
therefor.]

.6 EXCAVATI ON, SHEETI NG DEWATERI NG, AND BACKFI LLI NG

Provi de under this section as specified in [Section 02315N, "Excavation and
Fill."] [Section 02301N, "Earthwork for Structures and Pavenents."]

7 QUALI TY ASSURANCE

7.1 M x Desi gn
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Thirty days mnimumprior to concrete placenent, subnmit a mx design for
each strength and type of concrete. Submt a conplete list of materials
i ncluding type; brand; source and ampbunt of cenent, fly ash, pozzol an,
ground slag, and adm xtures; and applicable reference specifications.
Subnit additional data regardi ng concrete aggregates if the source of
aggregate changes. Submittal shall clearly indicate where each m x design
will be used when nore than one m x design is subnmitted. An identica
concrete m x design previously approved within the past 12 nonths by the
Atlantic Division, Naval Facilities Engi neering Comrand, may be used

wi t hout further approval, if copies of the previous approval and fly ash
and pozzolan test results are submtted. The approval of fly ash and
pozzol an test results shall have been within 6 nonths of submttal date.
ot ai n acknow edgenment of receipt prior to concrete placenent.

1.7.2 Requi red Docunent s

Subnmit the precasting manufacturer's quality control procedures established
in accordance with PCl M\L-116.

PART 2 PRODUCTS

2.1 MATERI ALS

2.1.1 Contract or-Furni shed M x Design
ACl 211.1 or ACI 318M ACI 318. Concrete shall have a 28-day conpressive
strength of [35][__ ] MPa [5000][__ ] psi unless indicated or specified

ot herw se. Maxi mum aggr egate si ze shall not exceed [25] |
[ ] inch.

2.1.2 Concrete

Except as specified herein, concrete materials shall conformto Section
03300N, "Cast-in-Place Concrete."

2.1.3 Cenent

Rk Ik Sk kR IR R R I kO e S O R R Rk Rk kO R AR Ik I kS I S I b R R R o

NOTE: Insert type of cement required. Except where
noderate or high sulfate resistance is required
permt option for Type I, IIl, Ill, IP, or IS. For
noderate sul fate resi stance, specify Type I, |11,
IP(MS), or IS(MS) with a maximumtrical cium

al um nate content of 8 percent. For high sulfate
resi stance, specify Type Il or V, with a maxi mum
tricalciumaluninate content of 5 percent.

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

ASTM C 150, [Type I, Il or 11I] [____ | ], or ASTM C 595M ASTM C 595, Type
[IP(M5) or IS(MS)] [ ] blended cenment except as nodified herein. The
bl ended cenent shall consist of a mxture of ASTM C 150 cenent and one of
the following materials: ASTM C 618 pozzolan or fly ash, or ASTM C 989
ground iron blast-furnace slag. The pozzolan/fly ash content shall not
exceed 25 percent by weight of the total cenentitious material. The ground
iron blast-furnace slag shall not exceed 50 percent by weight of total
cementitious material. [ Cement shall have a maxi mumtrical ci um al um nat e
content of [5] [8] percent.]

2.1. 4 Adm xt ures
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ASTM C 494. Do not use adm xtures containing chlorides.

.1.5 Prestressing Stee

Prestressing steel shall be |low relaxation strands or seven-wire
stress-relieved strand conformng to ASTM A 416/ A 416M or stress-relieved
wire conforming to ASTM A 421, Type WA. The minimumultimte strength
shal |l be 1,720 MPa 250, 000 pounds per square inch (psi). Prestressing
steel shall be free fromgrease, oil, wax, paint, soil, dirt, |oose rust,
ki nks, bends or other defects.

.1.6 Ties and Spirals

Steel, ASTM A 82.

PART 3 EXECUTI ON

3.

3.

1 | NSTALLATI ON

I nspect piles when delivered and when in the | eads i mediately before
driving. Cut piles at cut-off grade with pneumatic tools, saw ng, or other
approved nethod. Were cut-off is bel ow existing ground or nudline

el evation, conpl ete excavation, sheeting, dewatering, and backfilling
before pile is driven to cut-off el evation.

1.1 Test Piles

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

NOTE: Insert the nunmber of test piles required, the
ordered pile length, and the tip to cut-off |ength.
The tip to cut-off length will be the sane as that
specified for job piles. The ordered pile length
for test piles should be 1.5 m5 feet |onger than
ordered length for job piles to allow additiona
penetration if driving conditions dictate. Test
pile locations should be shown on the draw ngs. The
nunber of test piles is normally between 5 and 10
percent of the total nunber of piles required,
dependent upon the magni tude of the project.

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

Provide [ ] test piles confornming to the requirenments for job piles.
Order test piles [ ] meters feet in length. Provide tip to cut-off
length of [ ] meters feet. The additional test pile length shall be

driven only at the direction of the Contracting Oficer. Record driving
data as specified in paragraph entitled "Records." |f approved after test
conpl etion, properly located test piles may be used in the finished work.
Drive test piles in locations indicated or as directed.

[3.1.1.1 Load Tests

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

NOTE: Del ete these paragraphs for projects for
which | oad testing is not specified. |n paragraph
entitled "Load Tests," insert the nunber of test
piles to be |load tested. Insert number of | oad
tests in "lInstructions to Bidders."

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O
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Performload tests on [ ] test piles in accordance with ASTM D 1143, as
nodi fied herein. Performload tests at |ocations shown, or as directed.
The load test will be conducted by the Contracting O ficer. Provide
facilities for the Contracting Officer to inspect and neasure the
deflection or settlement of the pile under test |oad. Furnish and set up
test |load equiprment and load pile[s]. Load test equipnment shall not be
nmobi li zed until directed. The safe design capacity of a test pile as
determined fromthe results of |load test shall be the | esser of the two

val ues conputed according to the foll ow ng:

a. One-half the test | oad which causes a settlenent of 0.25mm 0.01
inch per ton of test |oad.

b. One-half the test |load that causes a gross settlenment of 25 mm one
i nch provided the | oad-settlenment curve shows no sign of failure.

13.1.2 Driving Piles

Drive at the hamrer manufacturer's rated speed, and wi thout interruption
[to the [calculated] [indicated] tip elevation] [to reach a driving

resi stance and m ni nrum depth of penetration in accordance with the schedul e
that the Government will prepare fromthe test pile driving data]. Drive
piles with the sane hamrer, cushion, or cap block, and using the sane
operating conditions as test piles. |If, indriving, it is found that any
pile is not of a sufficient length to give the capacity specified, notify
the Contracting O ficer, who will determ ne which of the foll ow ng
procedures to foll ow

a. Drive an additional pile of the Iength directed adjacent to the
first pile.

b. Pull the first pile and drive a longer pile of the I ength directed.

c. Drive the pile to an el evation bel ow design cutoff and cast the
concrete pile cap down to the level of the pile.

3.1.3 Drivi ng Equi pnent

Pil e hamer shall be air, steam or diesel powered, and of an approved type
with a capacity at |east equal to the hanmer nanufacturer's recomrendation
for the total weight of pile and character of subsurface material to be
encountered. The mininumdriving energy for piles weighing |ess than 400
pounds per foot shall be not |ess than one foot-pound of energy per pound
of pile; the hamrer for heavier piles shall deliver not |ess than 30, 000

f oot - pounds of energy. Position a pile cap (often referred to as drive
head or drive cap) or drive cap between the pile and hamrer. Pl ace hanmer
cushi on between the ramand the pile cap. The hammer cushion shall have
consistent elastic properties, shall minimze energy absorption, and shal
transmt hanmer energy uniformly and consistently during the entire driving
period. A pile cushion, generally consisting of |ayers of hardwood or
sof t wod boards or plywood, shall be placed between the top of the pile and
the pile cap to distribute the blow evenly over the face of the pile and
prevent pile danage. The pile cap shall fit |oosely around the top of the
pile so that the pile may rotate slightly without binding. The entire
driving systemshall be capable of protecting the head of the pile,

m ni m ze energy absorption and dissipation, and transmt hammer energy
uniformy and consistently during the entire driving period. Driving
system material types shall not be changed during pile driving operations."”
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3.

3.

1.4 Capacity

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEEREEEREEEEEEREEEEEEEEEEEEEEREEEEEEREEEEEESE]

NOTE: Insert quantity to reflect 100 percent of the
pil e saf e design capacity.

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

Saf e design capacity for piles is | ] kN[ ] tons. The fina
driving requirenments for job piles will be furnished to the Contractor by
the Contracting Oficer. The Government will use [load test and] test pile
data, know edge of soil characteristics, experience with existing soi
conditions, and other enpirical nethods in determ ning the calculated pile
tip elevation and the necessary driving resistance. Were piles are not
required to be driven to practical refusal, or where the capacities of
individual piles or pile groups are not required to be determ ned by

| oading test, the safe design capacity will nornmally be defined as a

requi red maxi num average penetration, in inches per blow, for the last 10
bl ows once the pile tip has achieved the minimumrequired tip penetration.

.2  TOLERANCES | N DRI VI NG
At cut-off elevation, butts nmust be within [__ ] [100] nmm [4] inches of
the location indicated. [Manipulation of piles will not be pernmtted.]

[ Mani pul ation to nove piles into position will be permitted only within the
af orementi oned tolerance to return the pile to its design |ocation.]

[ However, piles shall not be manipulated nore than 1.5 percent of their
exposed |l ength above the [ground] [nudline] [surface].] A variation of not
nore than 2 percent fromvertical for plunb piles or nore than 4 percent
fromthe required angle for batter piles will be permitted. [In addition
to conplying with the tol erances stated herein or otherw se specified, the
cl ear distance between the heads of piles and the edges of caps shall be
not less than 125 nm5 inches. Wth prior approval of the Contracting

O ficer, the Contractor may provide additional concrete and reinforcenent
required to maintain the required mnimumclear distance. Any redesign of
pile caps or additional work required due to inproper location of piles
shal | be approved by the Contracting O ficer and shall be the
responsibility of the Contractor.] Inspect piles for heave. Redrive heaved
piles to the required tip elevation. Renove and replace with new piles
those damaged, m slocated, or driven out of alignment, or provide
additional piles, driven as directed.

3 JETTI NG OF PI LES

Rk Rk Rk R R IR R R Sk O O e S O R AR Rk R Rk O kO I R IR R I b I Rk I o

NOTE: Jetting should not generally be pernmitted in

instances 1, 2, 3, and 4, below. Predrilling should
not generally be permitted in instances a, b, and d,
bel ow.

1. Piles dependent on side friction in
fine-grained, low perneability soils (high clay or
silt content) where considerable tine is required
for the soil to reconsolidate around the piles.

2. Piles subject to significant uplift.

3. Piles adjacent to existing structures.
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3.

3.

4. Piles in closely spaced clusters unless the | oad
capacity is confirmed by test and unless jetting and
predrilling is conpleted before final driving of any
pile in the cluster.

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O

Water jets [will be permitted] [may be used in driving only when
specifically authorized by the Contracting O ficer] [shall not be
permitted]. [Discontinue jetting when the pile tip is approximately 1.5 m
5 feet above the [calculated] [indicated] pile tip elevation. Drive pile
the final 1.5 m5 feet of penetration. Jetting nethod and equi pnment shal
be approved by the Contracting Oficer prior to commencing jetting
operation.]

4 PREDRI LLI NG

EE R R R S I R R R O I R R R R O S R R I R I R R R R R R R

NOTE: Jetting should not generally be pernitted in

instances 1, 2, 3, and 4, below. Predrilling should
not generally be permitted in instances a, b, and d,
bel ow.

1. Piles dependent on side friction in
fine-grained, low perneability soils (high clay or
silt content) where considerable tine is required
for the soil to reconsolidate around the piles.

2. Piles subject to significant uplift.
3. Piles adjacent to existing structures.

4. Piles in closely spaced clusters unless the |oad
capacity is confirmed by test and unless jetting and
predrilling is conpleted before final driving of any
pile in the cluster.

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

Predrilling to renove soil or other material representing the bulk of the
volume of the pile to be driven [will be permitted] [will not be permtted]
[shal | be provided]. [Discontinue are drilling when the pile tipis

approximately 1.5 mb5 feet above the [calculated] [indicated] pile tip
el evation. Drive pile the final 1.5 m5 feet of penetration.]

.5 PROTECTI ON OF PI LES

Take care to avoid damage to the piles during handling, placing the pile in
the |l eads, and during the pile driving operations. Laterally support piles
during driving, but do not unduly restrain fromrotation in the |eads.
Swinging leads will not be permitted. [Were pile or projecting
reinforcenent orientation is essential, take precautionary neasures to
maintain the orientation during driving.] [Take special care in supporting
battered piles to prevent excessive bending stresses in the pile.] Square
the top of the pile to the longitudinal axis of the pile. |If the
Contractor elects to use a pile head with projecting strands or mld steel
rei nforcenment, prevent direct inpact forces frombeing transnitted through
the reinforcenent, by using a special driving head.

6 BUI LD- UPS
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If, indriving piles, the Contracting Oficer determines that the pile
length is insufficient so that the final elevation of the pile head is
bel ow the indicated cut-off elevation, the pile section may be extended to
the required el evation by neans of a cast-in-place reinforced concrete
buil d-up in accordance with PCI STD-112. Details of neans for protecting
the joints by a suitable nortar or epoxy shall be submtted by the
Contractor. |In no case shall the length of the build-up exceed 1.8 m6 feet.
Buil d-ups to be driven shall conformto PClI STD-112. \Where buil d-ups are
exposed to water, the Contractor shall protect the cast-in-place section
fromthe water during its curing period. Buildups will not be permtted on
nore than 10 percent of the total nunber of piles. If this percent figure
is exceeded, or if, in the judgnment of the Contracting O ficer, the
clustered location of the build-ups is undesirable, piles of insufficient
l ength shall be withdrawn and replaced with |ong piles. Concrete in
bui | d-ups shall have a minimumulti mte conpressive strength of 35 MPa 5000
pounds per square inch.

.7 RECORDS

Keep a conpl ete and accurate record of each pile driven. Indicate the pile
| ocation, deviations frompile |ocation, cross section shape and
di mensions, original length, ground elevation, tip elevation, cut-off
el evations, penetration in blows per neter foot for the entire | ength of
penetration for test piles, penetration in blows per neter foot for the |ast
3.1 m10 feet for job piles, hamrer data, including rate of operation,
make, and size, and any unusual pile behavior or circunstances experienced
during driving such as redriving, heaving, weaving, obstructions,
[jetting,] and unanticipated interruptions. A preprinted formfor
recording pile driving data is included at the end of this section. Submt
conpl ete and accurate records of installed piles to Contracting Oficer
within 15 cal endar days after conpletion of the pile driving. Mke pile
driving records available to the Contracting Officer at the job site, no
later than 24 hours after each day of pile driving.

-- End of Section --
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